


These market changes may favor longleaf pine forests that
produce high-quality sawtimber and poles, and tend to be
less susceptible to common insects and diseases
(Wahlenburg 1946). In this context, we review the literature
that addresses sustainable timber management of southern
pine forests by identifying critical characteristics of the dis-
turbance regime and then assessing the discrepancies be-
tween them and silvicultural approaches (Simberloff 1999;
Palik et al. 2002).

Longleaf pine savannas and woodlands are among the
most diverse communities in temperate North America, hav-
ing high levels of species richness and large numbers of en-
demic flora and fauna (Walker and Peet 1984; Hardin and
White 1989; Peet and Allard 1993; Fig. 1). Species richness
is high at multiple scales; as many as 50 plant species can
occur in a single square metre, while more than 1000 species
can be found over a few thousand hectares (Peet and Allard
1993; Drew et al. 1998; Kirkman et al. 2001). In fact, nearly
one-quarter of all plant species found in the US and Canada
occur in longleaf pine landscapes (Clewell 1986; Stein et al.
2000). The biologically rich longleaf pine ecosystem was
once the dominant cover type in the Coastal Plain but has
become increasingly rare. At least 95% of the original extent
of the longleaf pine forest (24.3 × 106 ha; Outcalt 1996) has
been converted to other land uses, degraded by fire suppres-
sion, or replaced by other types of forests (Landers et al.
1995; Outcalt 1996). This loss of habitat has resulted in con-
cern for the persistence of many of the endemic flora and
fauna associated with longleaf pine: nearly two-thirds of all
species that are recognized as declining, threatened, or en-
dangered in the southeastern US are associated with this
ecosystem (Kirkman and Mitchell 2006).

Fire frequency is indisputably the most important factor
for sustaining native southeastern US ecosystems (Heyward
1939; Wahlenburg 1946; Lemon 1949; Christensen 1981;
Hiers et al. 2000; Kirkman et al. 2004). Longleaf pine com-
munities burn frequently and have one of the highest fire re-
turn intervals of ecosystems globally (Christensen 1981).
While the range of fire return intervals may vary from 1 to
10 years (Christensen 1981, 1988; Bridges and Orzell 1989;
Abrahamson and Hartnett 1990; Ware et al. 1993;
Glitzenstein et al. 1995), fires recurring every 1–3 years
maintain a more open-canopy structure that is associated
with higher species richness (Glitzenstein et al. 2003;
Kirkman et al. 2004). While frequent fire is essential to
maintaining biodiversity, many, if not most, remnant stands
of longleaf pine have had some fire suppression or insuffi-
cient fire return intervals (Outcalt 1996; Kush et al. 1999).
Therefore, one of the primary tasks for sustainable manage-
ment of longleaf pine ecosystems is the maintenance of fre-
quent fires, primarily through application of prescribed fire
by managers in southeastern pine forests (Provencher et al.
2001).

Any management activity in longleaf pine stands that
compromises frequent fire can also lower biodiversity
(Leach and Givnish 1996; Liu et al. 2005). Silvicultural ac-
tivities affect fire management by altering the distribution,
type, and amount of fuels. The high fire frequency and low
fire intensity necessary to sustain the longleaf pine plant



cohorts regenerating in small patches formed by the largest
openings in the forest. This forest structure is found in to-
day’s landscape only in the presence of frequent fire.

In the absence of fire, a dense, closed midstory develops
under the open pine canopy. The constituents of this
midstory vary; on xeric and mesic sites broad-leaved hard-
woods such as oaks (Quercus spp.) tend to dominate, while
in hydric flatwood sites the midstory is composed of shrubs
such as gallberry (Ilex spp.) and saw palmetto (Serenoa repens).
Off-site species such as sand pine (Pinus clausa [Chapm. ex
Engelm.]) can also form a closed midstory. A dense midstory
alters the fire regime such that fires become less frequent
and more severe. The diversity of flora and fauna rapidly de-
cline as midstory cover increases (Means and Grow 1985).

Fire ecology and the ecological consequences of fires to
flora and fauna have been the subject of many reviews
(Christensen 1988; Noss 1988; Myers 1990; Stout and
Marion 1993; Ware et al. 1993); however, as of yet no re-
view has explored the connections that exist between
overstory management, the ability to maintain fire continu-
ously over space and through time, and the consequences of
various silvicultural alternatives for sustaining biodiversity.

The longleaf pine overstory, and by extension any
silvicultural management of that forest, not only influences
how pine fuels are distributed through time and space, but
also can influence stand dynamics in ways that significantly
affect prescribed burning. Understory communities of long-
leaf pine savannas often have a high density of oaks and
other hardwood species present in advance regeneration, but
they tend to be kept in low stature because of frequent fire
(Jacqmain et al. 1999). Competition from overstory pines
slows midstory growth and enhances the ability of fire to
keep them from developing into a closed midstory (McGuire
et al. 2001). Top kill of hardwood stems by prescribed fire is
a function of their size (Glitzenstein et al. 1995). The pine
overstory helps in maintaining control of hardwoods not
only by slowing growth between fire events, but increasing
fire intensity with increased pine fuel loads (Williamson and
Black 1981). Complete removal of pines releases midstory
hardwoods, dramatically increasing their growth rates while
concomitantly decreasing the pine fuels available to control
hardwoods by fire (McGuire et al. 2001).

Hardwood and shrub dominance after pine overstory re-
moval can also be exacerbated by disturbance of understory
grasses when many overstory stems are removed following
harvest. The loss of grass cover from logging damage dis-
rupts fuel continuity, creating patches of lowered fire fre-
quency. Midstory hardwoods are released in these areas and
produce broad-leaved litter that suppresses grasses. Because
of both chemical and structural features, broad-leaved litter
burns less readily and with less intensity than the pine and
grass fuels (Williamson and Black 1981). This decreases the
frequency and intensity of future fires and creates a positive
feedback cycle favoring fire-intolerant species that produce
less flammable fuels over that of fire-dependent understory
species. Thus, the potential impact of timber harvesting is
multifaceted, with direct effects such as lowering fine fuel
production and competition and indirect effects such as the
disruption of fuel continuity by logging equipment.

While the connection between pine overstory and main-
taining frequent fire is clear, much of the literature on long-

leaf pine management has focused more narrowly on long-
leaf pine silviculture itself or accelerating establishment and
early growth of seedlings (Boyer and Peterson 1983). Re-
lease of hardwood or shrub competition by harvesting
overstory pines could be controlled by herbicides or me-
chanical removal (Boyer 1988). However, this approach is
problematic when managing for biodiversity, especially
since the species-rich understory plant communities can be
negatively impacted by disturbance from intensive mechani-
cal site preparation and chemical treatments (Hedman et al.
2000; Provencher et al. 2000).

Silvical and natural history traits

Understanding silviculture approaches requires an appre-
ciation of the silvical and natural history traits of longleaf
pine and its associates. First and foremost, longleaf pine re-
produces episodically every 5–10 years with regional syn-
chrony (Boyer and Peterson 1983). This regional masting
may be an adaptation to reduce seed predation through pred-
ator satiation (Janzen 1970). In a heavy seed crop year,
85%–95% of trees bear cones, while less than 65% bear
cones in light seed years (Wahlenburg 1946). The number of
cones per tree also follows similar trends. In a good year,
more than half of trees bear 50 cones or more, while in a
poor year, they can have <5% with more than 50 cones
(Wahlenburg 1946). Longleaf pine seeds are wind dispersed
generally from October through November, with the seeds
falling at a time when few other species are fruiting. The
seeds have a soft coat and are high in calories and nutrients;
hence, they suffer high predation rates (Boyer 1964). Long-
leaf pine seeds are the largest of all the southern pines and
germinate within a week of falling, given optimal conditions
of temperature and moisture.

Longleaf pine seeds require bare mineral soil to establish,
but considerable amounts of bare ground can persist several
years after a fire in frequently burned longleaf pine grass-
lands (Wahlenburg 1946). Since litter can stunt seedling
growth (Facelli and Pickett 1991) and increase fire intensity,
(Williamson and Black 1981) preparation of the fuel bed in
advance of seedfall is critical. While burning before seedfall
to prepare the seedbed has been the focus of much discus-
sion (Croker and Boyer 1975), the reductions in fuel load-
ings by burning before the seed rain could be just as
important for subsequent seedling establishment. Newly es-
tablished longleaf pine seedlings are fire sensitive. If fuel is
removed prior to germination and new fuels are allowed to
accumulate for only a short time (i.e., 1.5–2.5 years) before
the next fire, those seedlings that established in open
microsites will grow large enough to increase their probabil-
ity of survival after a fire (Grace and Platt 1995). If fuels
have built up before seedfall, then fires will result in greater
mortality, with only the largest seedlings surviving.

Seedling survival tends to increase with distance from
adults (Grace and Platt 1995). Seedlings in close proximity
to adults grow slower because of competition for light
(Battaglia et al. 2003) and are more vulnerable to subsequent
fires because of increased needle fall and higher fire inten-
sity (Grace and Platt 1995; Palik et al. 1997, 2003; McGuire
et al. 2001). Thus, greater seedling establishment is pro-
moted in more open portions of the savanna, because these
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creation of gaps can easily high grade quality trees, older in-
dividuals, and seed trees when all trees in a specified area
are removed for gap creation, unless care is taken in locating
the harvested areas (Guldin 2004). An alternative is to retain
some of the best trees in the gap (group selection with re-
serves), thereby creating a structure similar to a small-scale
seed tree or shelterwood, with the residual trees providing
fuel and seed within the gap (Guldin 2004). This technique
also mimics natural disturbances where gaps are often occu-
pied by individual trees that survive the disturbance (Palik
and Pederson 1996), a structure which helps to maintain fuel
continuity. The creation of gaps with retention grades to-
ward a variable overstory retention approach (Lindenmayer
and Franklin 2003).

Though gaps or group selection can be an effective ap-
proach to manage longleaf pine regeneration, they both can
lead to potential problems with fire regimes. When gaps are
cut with few or no residual trees retained within the gaps,
the result can be considerable variation in fuels across the
stand and a disruption in fuel bed continuity. All gap-based
approaches concentrate residual stocking in the forest ma-
trix. Fine fuel loads are much higher in the forest matrix
than in the gaps except at the edges (Brockway and Outcalt
1998). In addition, understory hardwoods are released in the
gaps and produce litter of lower flammability that lengthens
fire return intervals in the gaps (Williamson and Black 1981;
McGuire et al. 2001; Kirkman et al. 2004). Insufficient fire
return interval within gaps also may allow hardwoods to
compete with grasses and further decrease the fine fuel load-
ings that help sustain high fire frequency. When multiple
trees are removed in the gaps, damage to bunchgrasses
through the harvesting process can occur (McGuire et al.
2001). Prescribed burning then becomes more difficult: if
managers decide to burn based on the fuel loadings of the
forest matrix outside the gaps, then the fire intensity can be
insufficient to carry fire into the gaps. If conditions are se-
lected to adequately carry fire into gaps, the pine overstory
in the matrix can be put at risk because of extreme fire in-
tensity, costing future growth and potentially causing
overstory mortality.

Single-tree selection approaches
The silvicultural approach that results in the smallest scale

of canopy disturbance is the single-tree selection method.
The most frequently discussed single-tree selection method
in the literature for southern pines is the BDq approach
(Farrar 1996; Guldin 2004). In this approach, trees are se-
lected for removal such that a reverse-J shaped diameter dis-
tribution, representative of a multi-aged forest, is retained
(Farrar and Boyer 1991; Farrar 1996). With the BDq ap-
proach, a target residual basal area (B) and maximum diame-
ter (D) are specified a priori, while the distribution of trees
across diameter classes is determined by the diminution quo-
tient (q), a value that reflects the ratio of the number of trees
in diameter class a to the number in diameter class a + 1
(Smith et al. 1997). Of the three factors, selecting an appro-
priate basal area is said to be the most critical to success of
the method (Guldin 2004).

While the BDq approach can be conceptually linked to
patterns observed in natural disturbances, silvicultural appli-

cation often varies in substantive ways from patterns found
in landscapes structured by natural disturbances. Specifica-
tion of a target residual basal area is not necessarily in con-
flict with a disturbance-based approach to uneven-aged
management. That is, a forester can easily determine and
justify a target residual basal area and then, using inventory
data, calculate the number of trees or size of canopy gaps
needed to reach this target at a given harvest entry. How-
ever, natural disturbances rarely result in uniform residual
basal area throughout a stand or forest (Palik and Pederson
1996). Guidelines developed to sustain biodiversity as well
as maintain the flow of timber products should therefore ac-
count for variation in diameter distribution and average
basal area within and between stands.

In contrast, selection of maximum tree diameters and q
has the potential to move stands structurally in directions
having little or no natural analogy. The theoretical goal of
the q quotient, which ranges from >1 to 2, is to create bal-
anced multi-aged stands that will sustain timber yield; that
is, stands with uniform ratios between successive diameter
distributions across the full range of diameters. Several con-
ceptual difficulties arise with this approach. First, the system
equates diameter with age, such that larger trees are assumed
to be older. Longleaf pine can be suppressed in growth for a
number of decades then released and grow rapidly decoup-
ling size and age (Gilliam and Platt 1999). Second, there is
little evidence that balanced multi-aged stands occur with
any regularity in natural pine woodlands (O’Hara 1996;
Moser et al. 2002). Nor are there any data that connect max-
imum diameter limits to trees lost through natural distur-
bances. These difficulties arise because the focus in the BDq
method is to have a structurally regulated forest to provide
sustainable timber yield, and other desirable characteristics
of the forest such as wildlife habitat, aesthetics, and
biodiversity are thought to follow as a result and generally
are not high-priority objectives.

In contrast, a single-tree selection approach practiced by
Stoddard, Sr. and Neel in the Red Hills region of north
Florida and south Georgia takes a variable overstory reten-
tion approach (Lindenmayer and Franklin 2003). This
method has resulted in the maintenance of biodiversity and
conservation values in the region while simultaneously pro-
ducing substantial revenues from timber harvests (Engstrom
et al. 1996). The Stoddard–Neel approach (SNA) explicitly
states that no one value of the ecosystem is maximized at the
expense of other amenities (Palik et al. 2002). It is this dif-
ference in guiding philosophy that differentiates the SNA
from other uneven-aged approaches more than the specifics
of timber marking or harvesting. The SNA relies on marking
guidelines that restrict cutting to a portion of the growth,
maintains variation in the density and diameter distribution
of the forest, encourages regeneration establishment and re-
lease, and maintains structural diversity in the canopy
(Fig. 4). The selection criteria provide guidance for trees
that are harvested but, more importantly, focus on the trees
that are retained within the stand. Some of the philosophical
differences and their practical outcome in application will be
covered here, while a more detailed treatment can be found
in Mitchell et al. (2000).

The SNA recognizes the central role that forest aesthetics
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